Ocean energy has a potential of providing a large amount of renewable energy around the world. One of the forms of ocean energy, tidal stream power is widely recognized as the continuous, predictable and eco-friendly ocean energy source. Unique tandem propellers that can counter-rotate have been designed to generate electric power effectively from a tidal stream. This type of power unit has several advantages compare to the conventional unit with a single propeller. At the design of the tidal stream power unit, it is important to investigate the structure of the tip vortex tubes shedding to predict the load of the propeller. In this research, we investigated the tip vortex shedding using the CFD method for the conventional single propeller and counter-rotating type tandem propellers and estimated the performance efficiency using RANS (Reynolds Averaged Navier-Stokes) model and we confirmed the limitation of RANS model on the calculation of the tip vortex stretching.
Introduction
Global warming is a big problem around the world. Due to an increasing demand in clean energy and rising fuel prices, more research is focused on renewable energy resources. Tidal stream energy is one type of renewable energy.
Among many renewable energy sources, tidal stream energy is continuous, predictable and eco-friendly ocean energy. Its energy density is higher than oth-Journal of Power and Energy Engineering er renewable energy resources, and it is easy to convert into other types of energy [1] . Tidal stream is caused by the flood and ebb of a tide due to the gravitational pull of the moon. The tidal stream power unit is placed in the path of tidal stream to generate electricity, which generates electricity by converting the horizontal tidal current flow into the rotational motion using propeller and generator.
Since the past one decade, many research efforts have been carried out to develop high-efficiency tidal current turbine. Now, various pilot test turbines have been developed and a number of projects are underway for commercialization in the coastal areas of UK and Europe, which have abundant tidal current energy resources.
A unique counter-rotating type tidal stream power unit is proposed by Kanemoto et al. [2] [3] [4] [5] . This tidal stream power unit has the tandem propellers and the peculiar synchronous generator with double rotational armatures. The schematic diagram of the counter-rotating type tidal stream power unit is shown in Figure 1 . The front and the rear propellers counter-rotatesimultaneously the inner and the outer armatures respectively. This power unit has some benefits as shown below.
1) The induced voltage is about two times higher while keeping the propeller diameter the same as the conventional single propeller.
2) The propeller diameter can be reduced when keeping the induced the voltage same as the traditional one.
3) The cavitation can be suppressed through the relatively slower propeller rotating speeds.
4) The rotational moment is counter-balanced and the effect is low on the mounting system because the reaction force does not act on the outside, it is extremely easy to provide the unit with large capacity for not only the constructed power station with a mounting bet/pile but also the floating station moored at O'Regan et al. investigated vortex core size and trajectory using the LES model and URANS model. They confirmed that the LES models prediction was more accurate than the URANS model [7] . Clarke et al. represented the wake reduction and inter blade-spacing optimization for the contra-rotating turbine using CFD [8] . Morris et al. displayed the swirl characteristics for the various number of blades and estimation by swirl number [9] . Jo et al. checked the wake characteristics by the influence of the blade tip shape using the experimental and numerical method [10] .
The purpose of this research is to investigate the performance of the single and the counter-rotating tidal stream power unit using the CFD method and to estimate the tip vortex structure using the RANS (Reynolds Averaged NavierStokes) model. The results were compared with the experimental results [6] .
Numerical Analysis
We investigated the two types of models. The first one is the single propeller (using front blade) model and the second is the counter-rotating type propeller model. were evaluated by the cell center-based Green Gauss method. The convection term was discretized using the second order accurate upwind scheme, and for a diffusion terms, a central differencing scheme was used. The simulation was performed using ANSYS FLUENT V17.2, a commercial CFD software package [11] .
To estimate the efficiency, we calculated the power coefficient related tip speed ratio. The equation is as follows. 
Results and Discussion
First an investigation on the efficiency of the propeller was conducted. Figure 5 shows the plot of the power coefficient ( To examine the tip vortex shedding structure, vorticity contour is plotted in 
Conclusions
In this study, the flow characteristics and the performance of the counter-rotating type tidal stream power unit using CFD method is numerically calculated.
We predicted the tip vortices at downstream of the propellers by a RANS model.
The results are summarized as shown below. 
